Recently 
Recently, some researchers 2, 3 reported that macrophages or neutrophils were related to severe asthma. Tagaya and Tamaoki 4 indicated that matrix metalloproteinase (MMP) is involved in the airway remodeling of asthma. MMP derived from neutrophils and macrophages is increased in severe asthma. 5, 6 Bullens 7 described that IL-17A could induce IL-8, and IL-8 could recruit neutrophils in human asthmatic airways. Some studies suggested that macrophages are producers of IL-17A. 8 Mucus hypersecretion and persistent airway inflammation result from the increased expression of mucin gene (MUC5AC). IL-17A can induce MUC5AC in airways. 9 Eosinophilic chronic rhinosinusitis (ECRS) has been considered an intractable rhinosinusitis. 10 In ECRS, infiltrating by eosinophils has been thought to take part in severe epithelial damage. The secretion of some proteinases and cytokines of eosinophils can cause remodeling in airway epithelia (e.g., epithelial detachment and basement membrane thickness). 4, 5 ECRS as well as asthma belong to airway system disease. From the viewpoint of "one way one disease," we hypothesized that the process of ECRS would be associated with the mobilization of macrophages or neutrophils as well as eosinophils. In the present study, we focused on macrophages and neutrophils as well as their chemoattractants that contribute to the pathological processes of ECRS.
METHODS

Subject
We examined 21 patients with CRS with nasal polyps who were diagnosed based on the criteria of the European Academy of Allergology and Clinical Immunology position paper, 11 i.e., they had two or more symptoms including blockage/congestion, discharge, anterior/posterior drip, facial pain/pressure, and reduction or loss of smell for at least 3 months, and either endoscopic signs including polyps, mucopurulent discharge from the middle meatus, or edema/mucosal obstruction primarily in the middle meatus, and/or mucosal changes within ostiomeatal complex and/or sinuses. None of the patients were treated with systemic corticosteroids or other immune-modulating drugs.
The 21 patients were classified into two groups. The ECRS group included 12 patients in whom the eosin-ophil count was Ͼ350/microscopic field (400ϫ magnification in hematoxylin and eosin stain) using the top five fields in terms of rich eosinophilic infiltration. The non-ECRS included nine patients in whom the eosinophil count was Ͻ100/microscopic field (400ϫ magnification) in any of the fields. Five cases in which normal mucosal membranes of the sphenoid sinus were removed during surgery for pituitary adenoma were used as controls. All patients gave their written informed consent, and the study was approved by the Ethics Committee of Juntendo University School of Medicine.
Immunostaining Analysis for CD68 (Marker of Macrophages), IL-17A, Monocyte Chemotactic Protein 1, Neutrophil Elastase (Marker of Neutrophils), IL-8, and MUC5AC
The nasal polyps were fixed in 10% formalin, embedded in paraffin wax, processed routinely, and then prepared as routine semithin sections (3.5 m).
Macrophages were observed using mouse anti-human MUC5AC was observed using mouse anti-human MUC5AC 1:3 (Bio Science for the World, Santa Barbara, CA); sections treated with mouse IgG1 served as the negative control. The sections were stained with the Ventana /VEW DAB Detection kit using a Ventana automated stainer (Ventana Japan KK, Yokohama, Japan).
The numbers of cells positive for CD68, IL-17A, MUC5AC, MCP-1, and IL-8 and elastase were assessed by the mean of the top three fields in terms of the richness of their infiltration (400ϫ magnification).
Statistical Analyses
The data were expressed as mean Ϯ SD. Statistical analyses were performed using StatMateIII for Windows. Statistical analyses were evaluated using Pearson's correlation coefficient and Student's t-test. A value of p Ͻ 0.05 was considered significant.
RESULTS
We identified macrophages using CD68. Most of the CD68 ϩ macrophages (47 Ϯ 23/a field) had infiltrated into the subepithelia of ECRS (Fig. 1) , whereas non-ECRS showed few macrophages. A significantly larger mean number of CD68 ϩ macrophages was observed in ECRS (47 Ϯ 23/a field) compared to non-ECRS (20 Ϯ 11/a field) and the control (17 Ϯ 7/a field) group (p Ͻ 0.001; Fig. 2 ). There was no significant difference in the mean number of macrophages between non-ECRS and the control group.
IL-17A ϩ inflammatory cells were observed in CRS (Fig. 3) . A significantly larger mean number of IL-17A ϩ cells was seen in ECRS (48 Ϯ 18/a field) compared with non-ECRS (14 Ϯ 13/a field) and the control group (9 Ϯ 7/a field; Fig. 4 ). There was no significant difference in the mean number of IL-17A ϩ cells between non-ECRS and the control group. A significant correlation was recognized in all cases between CD68 and IL-17A ϩ cells (p Ͻ 0.01; Fig. 5 ).
The mean percentages of MUC5AC ϩ epithelial cells reaction in ECRS (26.5 Ϯ 21.1%/a field) were significantly greater than in non-ECRS (9.2 Ϯ 7.5/a field) and the control group (7.0 Ϯ 5.1/a field; Fig. 6 ; p Ͻ 0.05). There was a significant correlation between MUC5AC and IL-17A ϩ cells in all cases ( Fig. 7; p Ͻ 0.05) ).
The mean number of MCP-1 ϩ cells in ECRS (20 Ϯ 31/ field) was more than twice that in non-ECRS (10 Ϯ 5). However, the difference between ECRS and non-ECRS or the control group was not significant. No correlation between CD68 and MCP-1 ϩ cells was observed.
The mean number of neutrophils (positive for neutrophil elastase) did not show significant differences between ECRS (10 Ϯ 14/a field) and non-ECRS (14 Ϯ 11/a field). The mean number of IL-8 ϩ cells in ECRS (11 Ϯ 17/a field) was greater than that in non-ECRS (6 Ϯ 5/a field), but not significantly.
DISCUSSION
Poston 2 reported that, in asthmatic patients, the total number of macrophages infiltrating the airway mucosa was increased and suggested that lung macrophages may have a central role in the chronic immune-mediated inflammatory response seen in the airway mucosa of asthmatic patients. Previously, we examined whether severe epithelial damage would be associated with infiltrating eosinophils in ECRS. 12 Our results showed that the number of CD68 ϩ macrophages in the subepithelia was significantly greater in ECRS than in non-ECRS. Macrophages as well as eosinophils are able to produce many cytotoxic agents such as oxidants, e.g., 13, 14 and metalloproteinases. 6 Based on the aforementione reports and our results, the remodeling in ECRS may be associated with infiltrating macrophages as well as eosinophils. Concerning the infiltrating macrophages in our experiment, we suggest two theories as follows. First, macrophages were phagocytotic for wastes in nasal mucosa because of inflammation as a native function. Second, eosinophils might release some chemokines for macrophages.
The present study was consistent with our previous report, 15 in which a significant increase in the mean number of IL-17A ϩ cells in ECRS was observed in comparison with non-ECRS. The expression of IL-17A ϩ cells indicated inflammatory cells including both eosinophils and lymphocytes. We revealed a significant relationship between eosinophils and IL-17A ϩ cells and suggested that eosinophils could product IL-17A. Makihara 8 reported that IL-17A expression in CRS could be found in eosinophils, macrophages, and lymphocytes by double staining. Moreover, our study could show a significant correlation between CD68 and IL-17A ϩ cells in all cases. Thus, macrophages as well as eosinophils are a possible source of IL-17A in ECRS. ECRS is characterized by enriched amounts of mucin-producing cells and eosinophilic mucus secretion. The key factor in the mucus production in ECRS is still unknown. In the present study, IL-17A ϩ cells were significantly correlated with MUC5AC ϩ cells, which suggest that IL-17A plays a critical role in mucus secretion. Chen 9 reported that IL-17A could induce mucin gene expression (such as MUC5AC) in the airways and that there was a significant correlation between MUC5AC and IL-17A ϩ cells. Therefore, IL-17A in the subepithelia is likely to stimulate the MUC5AC expression of epithelia in ECRS as well as airways.
IL-8 can induce neutrophilic inflammation in both upper and lower airways. 16 Silvestri 17 reported that patients with severe asthma showed significantly higher amounts of IL-8 than mild-moderate asthmatic patients or controls, and increase the numbers of neutrophils. Yoshihara 18 reported that epithelial damage is caused by enhanced IL-8 and the activity of neutrophils during acute exacerbations of pediatric asthma. Cundall 5 described that neutrophil-derived MMP-9 was increased in severe asthma. However, neither neutrophils nor IL-8 showed significant differences between ECRS and non-ECRS in our study.
In conclusion, IL-17A, macrophages and MUC5AC are the key factors in the processes of ECRS and would be more significant than neutrophils or IL8. 
